This investigation has shown that the highly biologically active kava lactones, specifically those of desmethoxyyangonin, yangonin and kavain, exist in ''locked-up'' reserve forms. These important lactones can be regenerated from the totally delactoned polar residues when subjected to reflux at various pHs. The percentage of desmethoxyyangonin, yangonin and kavain regenerated from the same quantity of delactoned residue differed with the pH of the solution. Furthermore, treatment of the delactoned residue with β-D-glucosidase enzyme regenerated desmethoxyyangonin, yangonin and kavain in a pattern similar to that obtained under reflux at pH 5 and 8. These observations, when taken together with the outcome of the control experiment, suggest the presence of sugar bound kava lactone precursors in the delactoned residue.
Kava lactones are the biologically active components present in kava drink, made traditionally by mixing powdered kava roots with water. When consumed, owing to the presence of the lactones, kava displays anti-anxiety, sedative, anti-insomnia, anti-convulsive, anti-spasmodic, diuretic and diaphoretic properties [1] . Kava lactones are well known pharmacologically active substances, the details of which can be found elsewhere [1] [2] [3] [4] .
Analysis of the composition of dried kava root shows that it contains up to 20% kava lactones. However, the lactone composition can vary between 3-20%, depending on the age, variety and geographical location of the plant [4] . Of the 18 various kava lactones present in dried roots, 95% of these consist of six major compounds, namely desmethoxyyangonin, yangonin, dihydrokavain, kavain, dihydromethysticin and methysticin [5] .
Free kava lactones are generally non-polar and therefore are relatively insoluble in polar solvents like water. Thus the traditionally prepared kava drink, as has been reported elsewhere, would contain only 6 -8 % of the total kava lactones available [6] . The low quantities of lactones that are extracted by water settle to the bottom of the kava drink bowl. Once stirred, these suspended particles instigate the formation of an emulsion in the drink itself.
In contrast to the current practice, in early days, Tongan and Fijian people used to chew kava roots before mixing it in water to obtain the kava drink [7] . Such an instinctive behavior could well be attributed to the action of the salivary enzymes releasing locked up kava lactones. The presence of glycosidase enzymes in saliva is assumed to be responsible for the breakdown of the biologically inactive glycosidebound lactone precursors to biologically active free kava lactones. However, to date there have been no scientific reports available on the existence of such precursor(s) to support the behavior of the early Island people towards their method of kava drink processing. Work presented here explores the possible occurrence of biologically inactive precursors of kava lactones, specifically of desmethoxyyangonin, yangonin and kavain.
It took five successive hot Soxhlet extractions of kava root with ethanol to obtain a residue totally devoid of free kava lactones, as was evident from HPLC examination of the successive extracts. Desmethoxyyangonin (X), yangonin (Y) and kavain (Z) were not detected in the fifth extract.
The delactoned polar residue, when refluxed at different pH values, showed the regeneration of desmethoxyyangonin, yangonin and kavain in all the corresponding solutions. Confirmation of regenerated X, Y and Z in the reflux solutions was made on the basis of co-injection with respective standards. The percentages of X, Y and Z regenerated under various reflux conditions were determined using the peak areas obtained for each of these kava lactones and their respective standard detector response factors ( Figure 1 ). The regeneration of desmethoxyyangonin, yangonin and kavain in these solutions after all free kava lactones had been removed suggests, for the first time, the presence of kava lactone-yielding precursor(s) in dried kava roots. Furthermore, refluxing of the totally delactoned residue with n-hexane, ethyl acetate and methanol did not regenerate any of the lactones. This indicates that regeneration only occurs in an aqueous medium and is also independent of any solvent change, such as that from ethanolic Soxhlet extraction to water refluxing of the polar residues. It was also confirmed that regeneration was most efficient under reflux conditions, in comparison to room temperature or below.
It was also observed that the percentage of desmethoxyyangonin, yangonin and kavain regenerated upon refluxing samples of delactoned residue is different depending on the pH value of the solution. Distilled water (at pH 7.2) and buffered distilled water (at pH 7.0) showed similar patterns of regeneration of the three kava lactones upon refluxing.
It is clearly evident from Figure 1 that kavain, under all conditions, is regenerated in the least amount in comparison to X and Y.
Treatment of the delactoned polar residue with β-D-glucosidase showed regeneration of the kava lactones X, Y and Z. The percentages of these compounds that were regenerated in this way compared very well with the values obtained from regeneration under reflux at pH 5 and 8. These observations, when taken together with the outcome of the control experiment, suggest the presence of sugar bound kava lactone precursors in the delactoned residue. The specific enzymatic hydrolysis results explain very well the early traditional behavior of the Tongan and Fijian people, who used to chew kava roots before mixing it in water to obtain the drink [7] .
The totally delactoned solid residue could be seen as being composed of components that are of very high polarity. The initial water extract of the dried roots would contain the polar components of the drug. Exhaustive ethanol extraction of the freeze-dried residues would, along side the free kava lactones, remove all ethanol soluble substances (components of medium to low polarity). Amongst the carbohydrates, organic acids, proteins and minerals, the resulting polar residue could also be considered as being comprised of glycosides (highly polar compounds), which may contain one or more sugar units.
In nature compounds can be glycosylated in two ways. The aglycone can be directly bonded to the glycone, provided the aglycone possesses at least one hydroxyl functional group. If, however, no hydroxyl group is present, as in the case of the kava lactones, the precursors may carry a hydroxyl group that is glycosylated. This pattern of glycosylation is evident in β-damascenone (a C 13 norisoprenoid compound that lacks a hydroxyl group), which is a potent flavourant in grapes [8] [9] [10] . However, this compound has been shown to have a glycosylated precursor, C 13 norisoprenoid, which has three hydroxyl groups [11, 12] . Thus, it can be assumed/proposed that the kava lactones are glycosylated via the second mode, as is the case with β-damascenone.
A common feature of glycosylated plant secondary metabolites is that they are glucosides [13] . Based on the results obtained using β-D-glucosidase, it can be postulated that the kava lactone-yielding precursors are indeed β-D-glucosides. This means that the immediate sugar that is bound to the precursor of the kava lactones is β-D-glucose. Of course, other sugars could also be involved in the glycone chain.
Based on our postulation that the immediate precursor(s) of kava lactones are β-D-glucopyranosides, which may or may not be further glycosylated, it is suggested that kavain (Z), via keto-enol tautomerism, has an immediate alcohol bearing precursor (Za), which is glucosylated to give a glucoside (Zab). The proposed pathway for the glycosylation of kavain and its subsequent regeneration (acid and enzymatic) is illustrated in Figure 2 . The proposed route for glycosylation of kavain may not be the same for desmethoxyyangonin and yangonin since the lactone ring double bond in desmethoxyyangonin and yangonin cannot migrate in the way proposed for kavain. Therefore, it is postulated that desmethoxyyangonin and yangonin are glycosylated via a different route, as illustrated in The findings reported here prove the existence of desmethoxyyangonin, yangonin and kavain-yielding precursor(s) in totally delactoned dried kava root. We have also shown that the release of the free forms from these precursor(s) is pH dependent. Furthermore, treatment of the delactoned residue with β-D-glucosidase regenerated desmethoxyyangonin, yangonin and kavain in a pattern similar to that obtained under reflux conditions at pH 5 and 8, which suggests the presence of sugar bound kava lactone precursors in the delactoned residue.
Currently we are undertaking the isolation and structure elucidation of these glycosylated precursor(s).
Experimental
Extraction: Dry powdered Fiji kava roots (200 g) obtained from Suva market were soaked in water (1 L) overnight, at room temperature. The aqueous extract was filtered using cheesecloth and the resulting filtrate was freeze dried to obtain a solid residue (25 g), which was kept below 0°C until required for further analysis.
Removal of free kava lactones:
The freeze-dried solid residue was subjected to successive hot Soxhlet extractions with ethanol (200 mL, 5 hrs, bp 78.5°C) to achieve a sample (18.5 g) totally devoid of free kava lactones. Confirmation of this was achieved by analyzing the resulting crude extract for each successive ethanolic extraction with normal phase analytical HPLC. Extraction was ceased once no traces of free kava lactones were seen upon HPLC analysis. The totally delactoned residue was kept below 0°C until required for further analysis.
Detection and isolation of pure kava lactones:
The resulting crude ethanolic extracts were combined and concentrated to dryness under vacuum (water bath temperature 28°C). The dried residue was redissolved in n-hexane: ethyl acetate (60:40) to make a standard solution of the crude extract. After confirming the presence of the major kava lactones in the crude extract using normal phase analytical HPLC, semipreparative HPLC was used for the isolation of desmethoxyyangonin, yangonin and kavain. The purity of these kava lactones was determined by comparing their respective UV and 1 H NMR spectroscopic data with literature values.
Reflux of totally delactoned polar residue:
The totally delactoned residue (1.5 g portions) was dissolved in distilled water (200 mL) to obtain seven solutions. The pH of these solutions was adjusted to Enzymatic hydrolysis of the totally delactoned polar residue: Citric/phosphate buffer (pH 5.0) was prepared by mixing 48 mL of aqueous citric acid solution (A) (0.1 M) and 53 mL of aqueous disodium hydrogen orthophosphate solution (B) (0.2 M). The pH was adjusted, as required, by addition of small amounts of solution (A) and solution (B). Delactoned residue (0.5 g) was dissolved in 5 mL of pH 5.0 buffer for enzymatic hydrolysis. Almond emulsin (β-glucosidase) (2 mg) was made up in 1.0 mL of pH 5.0 buffer, from which 0.5 mL was added to the delactoned residue sample. The mixture was incubated at 35 ± 2°C for 6 hrs, then cooled to room temperature, followed by the addition of saturated NaCl solution (5 drops) to overcome emulsion problems. A control mixture was also prepared without any enzyme added to the delactoned sample.
Extraction of regenerated kava lactones: Each cooled, neutralized reflux solution and the enzymatic hydrolysate were magnetically stirred with dichloromethane (100 mL, 3 hrs). The resulting organic layer was dried with anhydrous sodium sulfate before concentrating it to dryness under vacuum (water bath temperature 28°C). The dried organic extract was redissolved in a suitable HPLC mobile phase (3 mL) and concentrated to about 500 μL under a stream of nitrogen gas prior to HPLC analysis.
HPLC analysis: A Waters HPLC system was used comprised of a model 515 pump, a Redone injector fitted with a 20 μL loop, connected to a 250 x 4.6 mm Econosil Silica column (10 μm particle size), and a Waters 2487 dual wavelength absorbance detector. Data were recorded and integrated using a Waters 746 data module recorder. All solvents were of HPLC grade and ultrasonically degassed before use. Samples were membrane filtered (0.45 μm) before analyses. Analyses were monitored at 254 nm at a flow rate of 2 mL/min and an attenuation of 256. The same Waters HPLC system was used for normal phase semi-preparative HPLC analysis, except that a 200 μL loop connected to a 250 x 10 mm Econosil Silica column and a flow rate of 1.5 mL/min was used. HPLC analysis of the crude total kava lactone extract, desmethoxyyangonin, yangonin and kavain standards, the organic extract samples obtained under various reflux conditions, and the enzyme hydrolysates were conducted isocratically with a mobile phase comprised of ethyl acetate : n-hexane (40:60). Blank injections of the mobile phase were made before and between each analysis. HPLC analyses of all samples were performed in triplicate.
